NOAA Technical Memorandum NMFS-SEFC-180

Technical Memorandums are used for documentation
and timely communication of preliminary results,
interim reports, or special-purpose information,
and have not recieved complete formal review,
editorial control, or detailed editing.

A Generalized Computer Program
for Yield per Recruit Analysis

of a Migrating Population

with Area Specific Growth

and Mortality Rates

Sheryan P. Epperly, William H. Lenarz,
Larry L.Massey, and Walter R. Nelson

October 1986

U.S. DEPARTMENT OF COMMERCE

Malcolm Baldrige, Secretary

National Oceanic and Atmospheric Administration
Anthony J. Calio, Administrator

National Marine Fisheries Service

William E. Evans, Assistant Administrator for Fisheries



CONTENTS

Text 1
Acknowledgments 7
Citations 8

Figures 9

Appendix 13




A Generalized Computer Program for Yield Per Recruit Analysis of a
Migrating Population with Area Specific Growth Rates

Sheryan P. Epperly’, William H. Lenarz’, Larry L. Massey ,

and Walter R. Nelson'’®

A number of yield per recruit computer programs have been developed,
but programs for yield per recruit.analysis of a stock fished over multiple
areas have not been described in the literature. Paulik and Bayliff (1967)
described a program for the Ricker model of equilibrium yield per recruit, but
the‘program does not compute estimates of yield for a multi-area fishery and
does not take intc account possible area specific growth rates.

The need for such a program as MAREA arose while attempting to apply

existing yield per recruit models to the Atlantic menhaden, Brevoortia tyrannus,

a commercially valuable species found on the Atlantic coast of North America.
The population migrates seasonally with an increased northward movement with age
(Dryfoos et al. 1973). Nicholson (1972) reported latitudinal differences in the
relative density of each age group along the coast and stratification along the
coast by size within each age group. Problems were incurred in analyzing such a
population because of its migratory nature and apparent area specific growth
rates. Similar problems arise when analyzing penaeid shrimp populations and
other fisheries in which area specific growth rates exist and where the same

stocks migrate into different fisheries as they mature.
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An undescribed program for yield per recruit analysis of multi-gear
fisheries (MGEAR) was developed by one of the authors (W. H. Lenarz) and was
applied to yellowfin tuna to determine yield per recruit when fishing mortality
varies with age and gear type (Lenarz et al. 1974). Lenarz and Zweifel (1978)
modified the MGEAR program to estimate egg production over the life of a
recruited cohort for Pacific yellowfin tuna. The original MGEAR uses a method
of proportioning yield relative to the contribution of the vectors of fishing
mortality, of different gears, of different fleets, or of different contries to
the total fishing mortality, which has been described by Laurec (1978). The
program does not, however, take into consideration area-specific growth rates
which the newly modified program, MAREA, does. MAREA is equelly applicable to a
multiple gear fishery in which size at age of exploited fish is gear specific
because of varying size selectivity curves of the gear types. The description
and use of MAREA ensues.

The MAREA program uwses a modification of the yield equation of Ricker
(1975) to estimate yield per recruit. The modification follecws the number of
survivors across the intervals and biomass within an interval opposed to
following biomass throughout. The modification gives the same results as the
Ricker model and has no mathematical advantage over that method. For the pur-
poses of this program, however, computer time efficiéncy was increased using the
modification. The Ricker model (Ricker 1975) was chosen over the Bevertor and
Holt model (Beverton and Holt 1957) because of the former model’s greater flexi-
bility over the life span of the Pish, allowing instantaneous ratural and
fishing mortality rates to be varied with age. Also, the Ricker model does not
assume that growth of the species during its fishable life span follows a von

Bertalanffy growth curve

Yield per recruit per area (Yj) is calculated as follows:

NN
Y = 'L Qi,j Yi, j
i=1



where
NN = number of time intervals

Yi,§ = Fi'ﬁi,j ; yield calculated for entire fishery during

ith interval using growth rates of area j
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Bji,j = mean biomass fcr the entire fishery in interval i using
growth rates from the jth area
Bi,j = NiWi,j ; the initial biomass for the entire fishery in the
ith interval using the growth rate from the jth area
Nj = number of survivors at beginning of interval i
dt = ti+1 - ti
Mj = instantaneous natural mortality rate in ith interval

NG

Fi = L Fi,j ; instantaneous fishing mortality rate in the ith interval
j=1 |

NG = number of areas {or gears, countries, or fleets)

Fi,j = instantaneous fishing mortality in ith interval and jth area

Fi
Q1,j = ,J ; proportion of fishing mortality of an area tn that
Fi of the entire fishery.
Wi+1,]
Gi,y = 1n s instantaneous growth rate in ith interval and
Wi,j jth area

Wi, j = initial weight per fish in ith interval and jth area



The two modes of computing mean biomass can result in important
differences in estimates of yield per recruit. _Ricker (1975) and Paulik and
Bayliff (1967) alluded to the importahce of the cifference in magnitude between
instantaneous growth and total mortality rates (Gi - Zj). They indicated that if
the difference was small, arithmetic and exponential calculations approached one
another. Ricker suggests using small intervals if the rates are rapidly
changing. Based on our findings, the difference between arithmetic and exponen-
tial estimates of mean biomass increases rapidly as Gj - Zj increases in a posi-
tive direction, but diverges less rapidly when Gj - Zj increases in a negative
direction. Wwhen Bj is arbitrarily taken as unity the relatienship is satisfac-
torily represented by a polynomial regression (Figure 1).

With many fisheries it is only possible to estimate instantaneous
fishing mortality (Fi) on an annual basis. Thus, a large interval must be used.
The larger the interval, the more likely it is that Gj - Zj is of a magnitude
which would cause significant differences in estimates of Bj calculated arith-
metically and exponentially. Also, in heavily exploited fisheries there may be
a large difference between growth and mortality rates within an interval,
especially at older ages.

We employed Ricker’s (1975: table 10.3) example of bluegills from
Muskellunge Lake to illustrate the difference between the two methods of
computing mean biomass. This set was chosen because Ricker’s data have been
previously wsed as a historical data set and the data are readily available from
his text. Mean biomass was computed arithmetically in the text example and also
by Paulik and Bayliff (1967), who used the same data to introduce their computer
program. We used the data in MAREA in two separate runs to compute yield per
recruit. In one, B was computed arithmetically, and in the other it was com-
puted exponentially (Figure 2). There were obvious significant differences.

Evaluating various F-multiples and ages of entry when Eﬁ was calculated



arithmetically, the maximum yield exceeded the maximum biomass of stock (5522.6 g
versus 3439.2 g) when F-multiples were large, which is impossible. Maximum
biomass of the stock was estimated at F = 0; the time intervals used were four
one-eighth of a year intervals followed by one-half year intervals. Despite the
small intervals, differences in runs were large, indicating the need to minimize
the Gj - Zj difference regardless of the size of the time intervals. Therefore,
in similar circumstances and for the example data set, we recommend that Bj be
calculated exponentially.

Bias can be introduced into the results of MAREA at extreme multiples
of fishing mortality. The area-specific growth rates employed in MAREA repre-
sent growth conditions for the data set used in the model, and would require
modification to reflect changes in density-dependent growth which might occur
under natural conditions with significant changes in stock size. Thus, large F-
multiple deviations from conditions used to develop the data base used in the
model (F-multiple of 1.0) may be unrealistic and should be used with caution.

MAREA is written in FORTRAN IV for the IBM 360/60, Honeywell 66/80, and
Burroughs 7800" computers. The nrogram can accommodate up to 5 areas, 30 age
intervals, and 10 multipliers of fishing mortality. The number of age inter-
vals, areas and multipliers of fishing mortality can be varied along with the
initial number of recruits. Levels of fishing mortality can be varied Indepen-
dently for each area and multiples of fishing mortality can also be varied for
all areas in one run. Instantaneous natural mortality (M) can be set to a
constant over the age intervals or read as an array of age specific rates.
Additionally, if area-specific growth rates are not desired, only one set of
weights may be used for input and the program assumes the growth rate to be
constant over all areas. Mean biomass can be computed arithmetically or

exponentially.

* Use of trade names does not imply endorsement by the National Marine
Fisheries Service, NOAA.



Output options include yield per recruit tables for the entire
fisnery and if desired, yield per recruit tables for each area when fisin
below a minimum size are caught and discarded dead, and tables of average

weight of the catch for each age of entry determined by:

- Ni, j
(Ni,j*Pi,j)’ Pi,j = , and Nj =

YPRJ/EJ, where ﬁj = L

NG
_Z Nivj'
Lastly, tables of yield per effort (YPRJ/X where X is an F-multiple) may be
output.

A program listing and documentation, including input and output of a

sample run, are given in Appendix I.
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FIGURE 1 Difference between arithmetic and exponential
calculations of mean biomass when dt = 1.0 and
Bj = 1.0. DELTA = Bgxp, - Barith. = Bi (0.0061 + 0.0037
G - 21) - 0.1095 ((6i-Z1)* - 0.0491((G1 - Z3)°)),
r = 0.998.
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FIGURE 2 vield per recruit estimates for bluegills of
Muskellunge Lake calculating mean biomass
a) arithhmetically and b) exponentially

(data from Ricker 1975; Table 10.3).
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INPUT FORMATS

LINE TYPE 1 OF SET 1

13
APPENDIX I

DOCUMENTATION FOR MAREA

SET 1 -- PARAMETER LIST

Input Format Columns
M(1) Fa.1 1-4
X(1) F4.1 5-8
X(2) F4,1 9-12
X(10)  F4.1  4l-44
NN 12 45-46
NG Il 47
SCALE F5.0 48-52
MODE 11 53

CK 11 54

Explanation

value of coefficient of instantaneous natural
mortality under the assumption that M is constant.
Enter 0.0 if M is age specific and an array of M(I)
is to be input. Note: This format may be overridden
as long as the field size remains the same.

First multiplier of vector of coefficients of age
specific instantaneous fishing mortality (F(I)).
Yield estimates are output as functions of the
muitiplier and minimum size.

Second multiplier

%enth.multiplie£
Number of age intervals (Maximum number = 30)

Numnber of areas {(Maximum number = 5)

SCALE is used to convert coefficients of instan-
taneous fishing mortality to annual rates. (Example:
quarterly values are multiplied by 4.0 to convert

to annual values). Note: If time intervals are
not equal in length, enter 1.G and enter only
annual instantaneous fishing mortality rates.

Enter O when biomass is to be computed
arithmetically.

Enter 1 when biomass is to be computed
exponentially.

Enter 1 when growth of stock is not area specific.

Erter O when growth of stock is area specific.
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LINE TYPE 1 OF SET 1

Input Format Columns Explanation

N(1) F10.2 55-64 Initial number of recruits (If yield per recruit
estimates are desired, enter 1.0 in columns 62-64)

NF 12 65-66 Number of multipliers of fishing mortality
(Maximum number = 10).

1710 11 67 The following tables can be printed:

(R) Yield-per-N(1) number of recruits

(B) Yield when fish below a minimum size are.
caught and ciscarded dead

(C) Average weight of the catch

(D) Yield per effort

Enter O if all tables are desired.

Enter 1 if only Table A, B, and C are desired.
Enter 2 if only Table A and B are desired.
Enter 3 if only Table A is desired.

I1GO 11 68 Enter O when tables for each area and the entire
fishery are desired. Enter 1 when only tables for
the entire fishery are desired or when NG = 1.

LINE TYPE 1 OF SET 2 IT

Input Format Columns Explanation

IT 20R4 1-80 General title for yield analysis
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SET 3 -- LENGTHS USED FOR LABELING TABLES

LINE TYPE 1 OF SET 3 AD(I,J)

Input Format Colums Explanation

AD(1,1) F5.1 1-5 Length at beginning of first interval for first area

AD(2,1) F5.1 6-10 Length at beginning of second interval for first
area

AD(14,1) F5.1 66-70 Length at beginning of fourteenth interval for
first area

Second line is needed if NN is greater than l4.
*xx If (K = O repeat the above for each area and

for the entire fishery. If (X = 1 do the above
only for the entire fishery. #**

SET 4 -- DATA AND TABLE LAEELS

LINE TYPE 1 OF SET 4 M (I)

Input Format Columns Explanation

=% Delete if M(1l) is not equal to 0.0%**

M(1) F5.2 1-5 Coefficient of instantaneous natural mortality
for the first age interval

M(2) FS5.2 6-10 Coefficient of instantaneous natural mortality
for second age interval

M(14) F5.2 66-70 Coefficient of instantaneous natural mortality
for fourteenth age interval

Tk Cbntiﬁue on second line if NN is greater
than 14, #*
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LINE TYPE 2 OF SET 4 IG(J)
Input Format Columns Explanation
1G(1) 5A4 1-20 Label for first area
1G(2) SA4 1-20 Label for second area
IG(NG+1) 5A4 1-20 Label for entire fishery
*** Repeat for each area and entire fishery.
If IGO = 1, enter blank data lines for NG areas
and enter only label for entire fishery. ***
LINE TYPE 3 OF SET 4 FI(I,J)
Input Format Columns Explanation
FI(1,1) F5.2 1-5 Coefficient of instantaneous fishing mortality
for the first age and first area (Interval estimate)
FI(2,1) F5.2 6-10 Coefficient of instantaneous fishing mortality for
the second age and first area (Interval estimate)
FI(l4,1) FS5.2 66-70 Coefficient of instantaneous fishing mortality for

LINE TYPE 4 OF SEV 4 A(I)

the fourteenth age and first area (Interval estimate)

*%* Continue on second line if NN is greater than
14, %%

*+x Repeat for each area. Do not enter values for
the entire fishery. Values are summed over areas
at each age interval for entire fishery estimates. ***

Input Format Colums =xplanation

ACL) F5.2 1-5 Age at beginning of first time Interval
A(2) FS5.2 6-10 Age at beginning of second time interval
A(l4) F5.2 66-70 Age at beginning of fourteenth time interval

#=** Continue on second line (if necessary) until
the age at the beginning of the last interval is
entered. Then, enter the age at the end of the
last time interval (A(NN + 1)), ***
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LINE TYPE 5 OF SET 4  W(I,J)

Input Format Columns Explanation

w(l,1) F5.1 1-5 weight of a fish at beginning of first time
interval in the first area

w(2,1) FS.1 6-10 Weight of a fish at beginning of second time
interval in the first area

w(la,1) F5.1 6-80 weight of a fish at beginning of fourteenth time
interval in the first area

*=x* Continue on second line if necessary until the
weight at the beginning of the last interval in the
first area is entered. Then, enter the weight at
the end of the last time interval (W(NN + 1),1) in
the first area. ***

*+* Repeat for each area and entire fishery. ***

SET 5 -- MULTIPLE RUNS (OPTIONAL)

sxx I[f run is to be terminated or if another run is desired on different data
sets which follow, then enter 9999.99 in columns 4-10. If fishing effort is to
be varied independently for each area enter values of AM(J). The program will
use the data from the previous run but will alter all F(I,J) in an area by the
factors (AM(J)). ***

Input Format Columns Explanation

AM(1) F10.2 1-10 Factor for all FI(I,1) in area 1

AM(2) F10.2 11-20 Factor for all FI(I,2) in area 2

AM(J) F10.2 Factor for all FI(I,NG) in area NG
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AM LISTING, BURROUGHS 7802 VERSIDN4

S(KIND=DISK,FILETYPE=7);

& (KIND=PRINTER,MAXRECSIZE=132) 3}

PROGRAM MAREA

DIMENSION TE(30),1T(20),F(30,:6);W(31,6),Y(30,10,6),D(38,10,56),5(30
*,6),X(10),A(Bl),M(BG),N(Ql),AN(30,1@,6),AB(&),AY(b),AD(EQ,b),
*IG(5,6);AM(6)FI(30,6),6R(31,;6),WS(30,6),G(6é)

COMMON NG, IG;XsNFsNN,AD;W,N1, IT,NG1, IGO

REAL M,N

INTEGER CK
READ(S,I,END=1@®1)M(1),X,NN,NG,SCALE,MODE,CK,N(1),NF,ITD,IGO
WRITE(6,187)

WRITE(&,9@6) M(1),NN,NG,SCALE,MODE,CK,NF,ITO,IGO,N(1)
FORMAT (1H®, "PARAMETER LIST/",1X,"M(1)=",F4.2,2X; "NN=",13,2X,"NG=",
*IE,EX,“SCALE=",FIQ.Q,EX,”MDDE=",IE,EX,“CK=",IE,EX,“NF=",IB,EX,"ITD
*="12,2X,"160=",1I2,2X,"N(1)=",F18.2)
IF(NN.LE.32.AND.NG.LE.S.AND.NF.LE.10)G0D TO 185
WRITE(b,1@6) M(1),X,NN;NG,SCALE,NF, 170,160

STOP

NG1=NG+1

READ(S5,183)IT

IF(CK .EQ. 1) GO TO 45@

DO 139 J=1,NG1

READ(S,5) (AD(I,;J3),I=1,NN)

CONT INUE

GO TO 440

READ(5.5) (AD(I,NG1),I=1,NN)

DO 47® J=1,NG

DO 480 I1=1,NN

AD(I,J)=AD(I,NG1)

CONTINUE

CONTINUE

IF(M(1) .EQ. @.) GO TO 120¢

DO 42 I=1,NN

M(I)=M(1)

CONTINUE

GO 70 1241

READ(5,30) (M(I),I=1,NN)

DO 182 I=1,NG1

READ(S5,181) (IG(J,1),J=1,3)

CONT INUE

DO 4 J=1,N0G

READ(5,30) (FI(I1,J),I=1,NN)

DO 189 I=1,NN

FI(I,J)=FI(I,J)*SCALE

F(I,J)y=FI(I,J)

WRITE(&6,31) JTH(F(I5J),I=14NN)

NNP1 = NN + 1

READ(S,3) (A(I) ,; I=1,NNP1)

IF(CK .EQ. 1) GO TO 529

DO 131 I=1,NG1

READ(5,5) (W(I,J),I=1,NNP1)
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131 CONTINUE
GO TO 111
520 READ(S5,5)(W(I,NG1),I=1,NNPI)
DO S48 J=1,NG1
DO 559 I=1,NNP1
W(TI,J)=W(I,NG1)
S5@ CONTINUE
S49 CONTINUE
111 DO &6 I=1,NN
IF(I.EQ.1)GD TO 66
N(I)=N(I-1)#EXP(-M(I-1)*(A/I1)-A(I-1)))
66 TF(I)=@. '
DO 14 J=14sNG
TF(I)=TF(I)+F(1,7J)
14 CONTINUE
&6 CONTINUE
DO &1 I=1,NN
IF (TF (1) .ER. ©.) GO TO 61
DO 63 J=1,NG
F(I,J)=F(I,J)/TF(I)
60 CONTINUE
61 CONTINUE
DO 12 K=1,NG1
DO 12 J=1,NF
DO 12 I=1,NN
12 D(I;J,K)—_'g.
DO 7 I=1,NF
DD 7 J=1,NN
DO 9 K=1,NG1
DO 21 IK=1,NN
S(IK,K)=0
21 WS(IK,K)=0
AB(K) =0
? AY(KY=D
NM=NN+1
AL1=N(T)
JP1 = J + 1
DO 11 L=JP1,NM
LL=L-1
B=A(L)—-A(CLL)
C=X(I)#TF(LL)
CB=C#B
ZB=(M(LL)+C)*B
AL=AL 1 ¥EXP (-2B)
IF(TF(LL)Y .EQ. @.) GO TO 11
IF(MODE .NE. 1) S(LL,NG1)=CB*(AL1+AL)/2
IF(MODE .EQ@. 1) S(LL,NG1)=CB#AL1*(1-EXP(-2B))/ZB
DO 809 K=1,NG1
IF(W(LL,K) .EQ. @.) GO TO 219
IF(W(L,K) .LE. #.)60 T0O 210
209 GR(LL K)=ALOG(W(L,K)/W(LL,K))
IF(MODE .EQR. 1)WS(LL,K)=CB*AL1#W(LL,K)*(EXP(GR(LL,K)-ZB)-1)/
*(GR(LL,K)-ZB)
IF(MODE .NE. 1)WS(LL,K)=CB*.5%((W(LL,K)*AL1)+(W(L,K)*AL))



GO 7O 211
210 IF(W(LL,K) .EQ. @.) WS(LL,K)=8.
211 G(K)=WS(LL,K)
800 CONTINUE

B=S(LL,NG1)

DD 8 K=1,NG1

e=1.
IF(K.NE.NG1)Q=F (LL,K)
C=G(K)*Q

AY (K)=AY (K)+C
AB(K)=AB(K) +Bx*Q
IF(J.NE.1)GO 7O 8
DO 19 JJ=1,LL
1@ D(JJ,1,K)=D(JJT,1,KI+C
8 CONTINUE
11  AL1=AL
DO 89 K=1,NG1
IF (AB (K) .ER. ©.) GO TO 80
AW(T, I,K)=AY(K)/AB(K)
8¢ VY(J,1,K)=AY(K)
7 CONT INUE
CALL OUT (1,Y)
IF(ITO.GT.2)G0 TO 19@2
CALL OUT(2,D)
IF(ITO.GT.1)GO TO 1992
CALL OQUT(3,AW)
IF(ITO.GT.9)G0O TO 1982
DO 22 1=1,NG1
DO 22 J=1,NF
DO 22 K=1,NN
22 YK, J,I)=Y(K,J,I1)/X(J)
CALL 0OUT(4,Y)
1g@2 CONTINUE
READ (5, 198,END=1001) AM
IF(AM(1) .EQ.9999.99)G0 TO 1009
WRITE(&6,109) (I,AM(I),I=1,NG)
DO 112 I=1,NN
DD 118 J=1,NG
119 F(I,I)=FI(I,J)*AM(T)
GO TO 111
1 FORMAT(11F4.1,12,11,F5.8,211,F10.2,12,211)
3 FORMAT (14F35.2)
5 FORMAT(14FS.1)
19 FORMAT(1H A3,10F10.3)
30 FORMAT (14F53.2)
31 FORMAT (22HBVALUES OF F FOR AREA 15/16(1XF7.5)/16(1XF7.3))
191 FORMAT (5A4)
1¢3 FORMAT(20A4)
1¢6 FORMAT (32H PARAMETER EXCEEDS ALLOWED VALUE/1X11F5.0,13,12,F20.10,2
*PX,12,211) .
197 FORMAT ("PROGRAM MAREA--WII.LIAM H LENARZ--MODIFIED BY S P EPPERLY
#*AND L L MASSEY")
108 FORMAT(4F108.2)
199 FORMAT(17H1AREA MULTIPLIERS/ (5SH AREAIS,F10.2))
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2000 FORMAT(11F6.2,12,12,F15.2,2F10.4,13,312)
Se2% FORMAT(16F7.3)
1991 STOP

4

1

15

17

42

4y
46

49

32

41
3

4
16

END

SUBROUTINE OUT(KK,A)

DIMENSION A(30,10,6),X(108),I6(5,6),AD(3B,:6),W(31,46),1T(208)
COMMON NG, IG, XsNF sNN,AD,WsNM; IT,NG1, IGO
NGO=1

IF(IGO.ER.1)NGO=NG1

DO 16 I=NGO,NG1

IF(I.NE.NGO)GO TO 41

GO TO (1,2,3,4),KK '

WRITE(&,42) IT, (IG(L,NGO),L=1,3)

GO TO 43

WRITE(6546) IT,(IG(L,NGO),L=1,3)

GO TO 43

WRITE(6,52) IT,(IG(L,NGD),L=1,3)

GO TO 43

WRITE(6,49) IT,(IG(LsNGO),L=1,3)

GO TO 43

WRITE(b6,44) (IG(L,I),L=1,3)

CONTINUE ’

WRITE(&,17) (X(JJ),JI=1,NF)

DO 14 JJ=1,NN

J=NM-JJ

WRITE(6515) AD(I 1) ,W(T, 1), (A(T,K,1I),;K=1,4NF)
CONTINUE

CONTINUE

RETURN

FORMAT(1H 2F6.1,10F10.2)

FORMAT (13H MINIMUM SIZE29X20HMULTIPLIER OF EFFORT//3X2HMM&4X2HGM2X1

*@F1@.2/)

FORMAT(46H1TABLE . ESTIMATES OF YIELD PER RECRUIT (GM)./1H 20A4//
*G4BXSAL /)

FORMAT(19H1TABLE . CONTINUED//4@X35A4/)

FORMAT(193H1TABLE . LANDINGS PER RECRUIT (GM) WHEN FISH LESS THAN
* THE MINIMUM SIZE ARE CAUGHT AND DISCARDED DEAD./1H 208A4//48X3A4/)
FORMAT(S57H1TABLE . ESTIMATES OF YIELD PER RECRUIT PER EFFORT (GM)
*./1H 208A4//4OXSA4L/)

FORMAT(S2H1TABLE . ESTIMATES OF AVERAGE WEIGHT OF CATCH (GM)./1H

*20A4/ /4DXDAG /)

END



0¢

6T

8T

LT

9T

ST

T

€T

[

1T

0T

~ N MmN

*oxe] abunfTaxsTW JO

STTTbanTq butsn ¢*07 STqelL Jo oTduex® (GL6T) IHPTI SR woxF sT jndur oTdires ayL

JOdNTI TIHNS

_— — — —
0 0 0 0 0
tslslelolslvleleltp oo efofs o eleTu]s |e]o] d o[ s[vlelzfr]» [6 [ ] T S A L elT| c[6[e[e[S[s " Ee e PP P E R R b EEPE b ERR
6 [6[°16]6) 6 6
0 {°I8[SITO |° I81S|T| O |8(S|T
o1°l€ls| T q I8lviTidq le|pl ol |Lier o1 gTiol |elelmol i gtlol iele O Lie|rfol frjer o is|timo | |ojT{To " {o{T({TlOf jolTiT
01" {O|TL O | YO(TiTIQ°T|O TO|"|T|6 o_. 08 |0[°]|6{9 0|°|169 [0j°I6]9 0" (6]9 o/ {619 [0 [8{S] P |Pi¥] O] |6]C {0 I
SiLit1st Glzleftrel 9 s
SiLicltigsicitiel BTl B[]S CIL|8 [P(S|Ly°IY] |Sic|9 wis| ¥ Sl |vlsle] iy islz|t F “ |y S LBl |ElK | |E
S12|191 "1 €6 1" € ElLiel i gs|el el QlZlTf [€j0]" |e SILI8 ICiS|L] (2 S1219]°|¢2|s| |2 SILIEF R GI1ZI°l2] slziTl 12O |z
010 a0 -
0f{*10 LITI®10 | €€ .‘o 0:°10 01" 0 0(°}0 0(°|0 0|°|0 01" [0 LIT||Of €1€1°{0 O] |0 0 |° {0 a° |0
0(°{0 0" |0 g:|o LTt 0] | ge| °D 010 0{°10 0]°j0 0]° 10 0j°jo0 0[°{0 Ti°{0] Fl01°]0 a°|o
AR{HHS T 14| | T Y9I (LIN| o
6
Vi l2 |2 §
91° 1T CT|"|T 81°[0l B|°[0 91°10 91°10 91°10 91°[0 91" [0 9] °10 9¢{°10 91°|0 9|0 Q10 L
9("10 " 10 g9° {0 91°10 91°10 9 (10 9(°10 91°10 91 10 9110 91°(0 91(°|0 91° 10 10 9
O1°(S|6/T|O° Js{6]T
w:u EI6ITO " |Ti6(|T|q {818/ TO["[S|8|TO|"|sB T (0] |sis{TOo|*|sisrlo]l*|sisM o] [z{gltlol lelzrlo]" StgqrioltjoiLigoltjofsityatfoiL]T
O lojlTO T l0fL(Tiq (s{orTo{-|ojolmo|"|ee T io|°|siv|TOl*lsl et lof1s| %l o] SIP({TIO|°|S|HL O] (Sl (0|°|ziZiTO|" |6fOITId" IS]6
SITITIIDAIR|T] g
TIOjOL 101°!T T10(0] °B TOolE 0" 10/TO{" i8] 0" IL o 9 01°1S Siclel is)tiel st or It Si°lof joi°|0
REEEREKEG pleblellele]r ole sl clolqv]elz] ojeletelol o e oeleleolslr e frio B L PRI BIZP e ]e[t
L L] L ML HL




23

SAMPLE OUTPUT

PROGRAM MAREA--WILLIAM H LENARZ--MODIFIED BY § P EPPERLY AMD L L MASSEY
PARRMETER LIST/ M{1)=0.00 WNN= 30 NG6= 1 SCALE=  8.0000 MODE= 0 ([K=1 NF= 10 IT0= 0 1I60=1 Nii)= 1.00

VALUES OF F FOR AREA 1

0.00000 0.32000 1.12000 0,00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.54000 1.35000 0.00000 0.00000 0.00000 0.00000 0,00000
0.00000 2.64000 1.36000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 2.64000 1.36000 0.00000 0.00000 0.00000

TABLE 1. ESTIMATES OF YIELD PER RECRUIT (GM). '

BLUEBILLS
ENTIRE FISHERY
MINIMUR SIZE MULTIPLIER OF EFFORY
L 0.50 1.00 1.50 2.50 3.3 3.00 6.00 7.00 8.00 10.00

195.0 158.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
195.0 138.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00
193.0 133.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.90
191.0 148.0 1.39 3.05 b.42 6.89 9.09 f12.02 13.80 15.48 17.10 20.22
188.0 143.0 .58 8.4 11.20 15.76 19.25 23.564 26.41 29.21 32.09 38.17
185.0 137.0 4,58 8.24 11.20 15.76 19.25 23.64 2b.44 29.21 32.09 38.17
185.0 137.0 4,58 .24 11.20 153.76 19.25 23.64 26.41 29.21 32.09 38.17
185.0 137.0 h,38 8.24 11.20 15.76 19.25 23.64 2b.41 29.21 32.09 38.17
185.0 137.0 4.58 B.24 11.20 15.76 19.25 23.64 26.41 29.21 32.09 38.17
185.0 137.0 4.58 8.24 11.20 15.76 19.23 23.64 26.41 29.21 32.09 38.17
182.0 131.0 h.58 .24 1.0 153.76 19.85 23.64 2.4 29.21 32.09 38.17
178.0 125.0 6.82 11.96 15.93 21.57 23.83 29.60 31.84 33.87 35.7M 39.41
175.0 118.0 10.77 17.89 22.76 28.91 32.95 38.02 §1.47 43.16 §9.13 57.83
170.0 110.0 10.77 17.89 22.76 28.91 2.9 38.02 41.47 §5.16 49.13 57.83
170.0 110.0 10.77 17.89 22.76 28.91 3.95 38.02 41.47 45.16 49.13 57.83
170.0 110.0 10.77 17.89 2e.76 28.91 32.93 38.02 41.47 45.16 49.13 57.83
170.0 110.0 10.77 17.89 22.76 28.91 32.95 38.02 41.47 ¥3.16 §9.13 - 57.83
170.0 110.0 10.77 17.89 22.76 28.91 3.9 38.02 41.47 45.18 49.13 37.83
165.0 101.0 19.77 17.89 2e.76 28.9¢ 32.95 38.02 §1.47 45.14 49.13 57.83
160.0 91.0 13.44 21.92 27.49 34.18 38.22 42.56 43.02 §7.33 49.56 53.98
153.0 80.0 17.77 27.58 33,327 39.55 .39 48.59 32.42 56.687 61.35 71.82
145.0 69.0 17.77 27.56 33.32 39.55 43.39 48.59 32.42 56.47 61.35 71.82
145.0 469.0 17.77 27.58 33.32 39.55 43.39 48.59 52.42 56.67 61.3% 71.82
145.0 69.0 17.17 27.58 33.32 39.55 43.39 48.59 52.42 36.67 81.35 71.82
145.0 69.0 17.nm 27.58 33.32 39.35 43.39 48,39 52.42 56.67 81.35 .82
145.0 69.0 17.77 27.58 33.32 39.55 43.39 48.59 52.42 56.47 61.35 71.82
135.0 58.0 1.7 27.58 33.32 39.55 43.39 48.59 52.42 56.67 61.35 71.82
122.0 44,0 19.40 29.44 34,93 40.21 h2.81 §5.43 b6.93 48.34 49.49 5e.21
109.0 29.0 19.66 29.55 3%.7M 39.44 41,41 42.99 43.72 h4,31 44.79 45.46
95.0 13.0 19.66 29.55 34.77 39.44 41,44 52.99 §.72 44.31 44,79 45.46
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TABLE 2. LANDINGS PER RECRUIT (6M) WHEN FISH LESS THAN THE NINIMUM SIZE ARE CAUGHT AND DISCARDED DEAD.
BLUEBILLS

MININUM SIZE

L]

195.0
195.0
193.0
191.6
188.0
185.0
185.0
185.0
185.0
185.0
182.0
178.0
175.0
176.0
170.0
170.6
176.0
170.0
165.0
160.0
153.0
145.0
143.0
145.0
143.0
145.0
133.0
122.9
109.0

95.0

M

158.0
158.0
153.0
148.0
143.0
137.0
137.0
137.0
132.0
137.0
131.0
125.0
118.0
110.0
110.0
110.0
110.0
110.0
101.0
91.0
80.0
69.0
69.0
69.0
69.0
69.0
38.0
b4,0
29.0
13.0

0.50

- 0.00

0.00
0.00
0.75
2.54
2.54
2.54
2.54
2.54
2.54
2.54
§.11
7.66
7.68
7.66
7.6
7.66
7.66
7.66
10.42
16.24
16.24
16.24
16.24
16.24
16.24
16.24
19.02
19.46
19.66

1.00

0.00
0.00
0.00
0.67
.53
2.53
2.53
2.53
2.53
2.53
2.53
4.36
9.06
9.06
9.06
9.06
9.06
9.06
9.06
13.16
23.03
23.03
23.03
23.03
23.03
23.03
23.03
28.29
29.55
29.35

ENTIRE FISHERY

NULTIPLIER OF EFFORT

1.50

0.00
0.00
0.00
0.46
1.9
1.91
1.9
1.91
1.91
1.91
1.9
3.50
8.2t
8.21
.21
8.21
8.21
8.21
.21
12.79
23.44
25.44
23.44
25.64
23.44
25.44
23.44
32.90
34.77
3.7

2.50

0.00.

0.60
0.00
0.16
0.82
0.82
0.82
0.82
0.82
0.82
0.82
1.1
5.28
5.28
5.08
5.28
5.08
5.28
5.e8
9.55
25.22
25.22
25.22
25.2¢8
23.82
25.2¢
25.2¢2
36.39
39.4¢
39.44

3.50

0.00
0.00
0.00
0.05
0.31
0.31
0.31
0.31
0.31
0.31
0.31
0.74
3.05
3.05
3.05
3.05
3.05
3.05
3.05
b.41
23.11
23.11
23.11
23.11
23.11
23.11
23.11
37.e2
41.41
§1.41

3.00

0.00
0.00
0.00
0.01
0.06
0.06
0.06
0.08
0.06
0.06
0.06
0.19
1.27
1.27
1.27
1.27
1.27
1.27
1.27
3.32
19.75
19.75
19.75
19.75
19.75
19.75
19.75
37.20
42.99
42.99

6.00

0.00
0.00
0.00
0.00
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.07
0.70
0.70
0.70
0.70
0.70
6.70
0.70
2.11
17.80
17.80
17.80
17.80
17.80
17.80
17.80
36.92
LX I/
.7

7.00

0.00
0.00
0.00
0.00
0.01
0.01
0.01
0.01
0.0t
0.01
0.01
0.03
0.39
0.39
0.39
0.39
0.39
0.39
0.39
1.33
16.08
16.08
16.08
16.08
16.03
16.08
16.08
36.54
44.31
4.3t

8.00

0.00
0.00
0.00
0.00
0.00
0.00
0.C0
0.00
0.00
0.00
0.00
0.01
0.2t
0.21
0.21
0.21
0.2t
0.21
0.21
0.84
14.54
14.54
14,54
14.54
14.56

16,54 .

14.54
36.08
44,79
8. 79

10.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
9.00
0.00
0.06
0.06
0.06
0.06
0.06
0.06
0.06
0.33
11.87
11.87
11.87
11.87
1:.87
11.87
11.87
35.00
§5.46
45,46



TABLE 3. ESTIMATES OF AVERAGE WEIGHT OF CATCH (BM).
BLUEGILLS

MINIMUM SIZE

L)

&4

195.0 158.0
195.0 158.0
193.0 153.0
191.0 148.0
188.90 143.0
185.0 137.0
185.0 137.0
185.0 137.0
185.0 137.0
185.90 137.0
182.0 131.0
178.0 125.0
175.0 118.0
170.9 110.0
170.0 110.0
170,0 110.0
170,90 110.0
170.9 110.0
165.0 101.0

160.0
153.0
145.0
143.0
145.0
145.0
143.0
135.0
122.0
109.0

95.0

91.0
80.0
£9.0
69.0
89.0
69.0
69.0
58.0
44.0
29.0
13.0

0.50

0.00
0.00
0.00
150.22
146.61
146.61
146,61
166.61
146.61
146.61
146.61
138.78
129.98
129.98
129.98
129.98
129.98
129.98
129.98
118.69
103.85
103.85
103.85
103.85
103.85
103.85
103.85
89.95
85.79
85.79

1.00

0.00
0.00
0.00
150.12
146.30
146.30
146.30
146.30
146.30
166.30
146.30
137.85
128.44
128.44
128.64
128.44
128.44
128.%4
128.44
115.93
99.93
99.93
99.93
99.93
99.93
99.73
99.93
B4.47
79.84
79.84

ENTIRE FICHERY

HULTIPLIER OF EFFORT

1.50

0.00
0.00
0.00
150.01
146,00
146.00
146.00
146.00
146.00
146.00
146.00
136.96
127.03
127.03
127.03
127.03
127.03
127.03
127.03
113.43
96.59
96.59
96.59
96.5%
96.59
96.59
96.59
79.75
74.84
74,84

2.50

0.00

0.00

0.00
149.84
145.42
145.42
145.42
143,42
145.42
143,42
143.42
135.34
124.63
124.63
124.63
124.63
126,43
124.63
124,63
109.25
91.44
91.44
91.44
91.44
91.44
91.44
91 .44
72.60
67.29
67.25

3.50

0.00
0.00
0.00
149.62
144.90
184.90
144.90
144,90
144,90
144.90
144.90
133.93
122.78
1e2.78
122.78
122,78
122.78
122.78
122,78
106.05
87.91
87.91
87.91
87.91
87.91
87.91
87.91
67.62
62.01
2.0t

5.00

0.00
0.00
0.00

149.35

144,27

144,27

144,27

144,27

146,27

144,27

14427

132.20

120.85

120,85

120.85

120,85

120.85

120.85

120.85

102,80

84.57
84.57
84.57
84.57
84.57
84.57
84.57
62.64
56.78
56.78

.00

0.00
0.00
0.00
149.19
143.95
143.95
143.95
163.95
143.95
143.95
143.95
§31.26
120.00
120.00
120,00
120.00
120.00
120.00
120.00
100.94
83.17
83.17
83.17
83.17
83.17
83.17
83.17
60.30
54.32
54.32

7.00

0.00
0.00
0.00
149.05
143.7
143,70
143.7¢
143.70
143,70
143.70
143.70
130.46
119.40
119.50
119.40
119.40
119.40
119.40
119.40
99.54
82.20
82.20
82.20
82.20
82.20
82.20
82.20
58.43
58.36
52.36

8.00

0.00
0.00
0.00
148.91
143.54
143,51
143.54
143,54
143.51
143.51
143.51
129.77
118.97
118.97
118.97
118.97
118.97
118.97
118.97
98.40
81.53
81.53
21.53
B1.53
81.53
81.53

81.53

56.89
50.74
50.74

10.00

0.00

0.00

0.00
148.69
143.26
143.26
143.2b
143.26
143.26
143,26
143,26
128.863
118.47
118.47
118.47
118.47
118.47
118.47
118.47
96.60
80.74
80.74
B0. 7%
80.74
20.74
B80.7%
80.74
34,41
48.14
48.14



TABLE 4. ESTIMATES OF YIELD PER RECRUIT PER EFFORT (GM).

BLUEBILLS

MINIMUM SIZE

MM

193.0

M

158.0

195.6 138.0

193.0

153.0

191.0 148.0

188.0

163.0

183.0 137.0

185.0

132.6

185.0 137.0

185.0

137.0

185.0 137.0

182.90

131.0

178.0 125.0

175.0

118.0

170.0 110.0

170.0

110.0

170.0 116.0

170.0

110.0

170.0 110.0

163.0
160.0
153.0
145.0
145.0
143.0
145.0
145.0
135.0
122.0
109.0

5.0

101.0
91.0
80.0
69.0
69.0
69.0
69.0
69.0
38.0
44,0
29.0
13.0

0.30

0.00

0,00

0.00
3.17
9.17
9.17
9.17
9.17
.17
9.17
9.17
13.63
21.53
21.53
21.53
21.33
21.53
21.53
21.53
26.89
35.53
353.53
35.53
35.53
35.53
35.53
35.53
38.80
39.32
39.32

1.00

0.00
0.00
0.00
3.05
8.24
8.24
8.24
8.24
B8.24
B.24
B.c4
11.96
17.89
17.89
17.89
17.89
17.89
17.89
17.89
21.92
27.58
27.58
27.58
27.58
27.58
27.58
27.58
29.44
29.55
29.55

ENTIRE FISHERY
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MULTIPLIER OF EFFORT

1.50

0.00
0.00
0.00
2.93
7.47
7.47
7.87
7.4
7.47
7.87
7.47
10.462
15.17
15.17
15.17
15.17
15.17
15.17
153.17
18.33
22.2d
2g.22
2e.2?
22.22
22.22
22.22
22.22
23.29
23.18
23.18

2.50

0.90
0.00

0.00

2.76
6.30
6.30
6.30
6,30
6.30
6.30
6.30
8.63
11.56
11.56
11.56
11.56
11.56
11.56
11.56
13.67
15.82
15.82
15.82
13.82
15.82
15.82
15.82
16.08
15.78
15.78

3.50

0.00
0.00
0.00
2.80
3.50
3.50
5.50
5.50
5.50
5.50
3.50
1.26
9.41
9.41
9.41
9.41
9.41
9.41
9.4}
10.92
12.40
12.40
12.40
12.40
12.40
12.40
12.40
12.23
11.83
11.83

5.00

0.00
0.00
0.00
2.40
4.73
4.73
.73
4.73
h,73
.73
b.73
3.92
7.60
7.50
7.60
7.60
7.50
7.60
7.60
8.51
9.72
9.72
9.72
9.72
9.72
9.72
9.72
9.09
8.60
8.60

6.00

0.00
0.00
0.00
2,30
5,40
4,40
4,40
4,40
5,40
4.40
5.40
5.31
b.91
5.91
6.91
b.91
6.91
6.91
6.9
7.50
8.74
8.7
8.74
8.7%
8.74
8.7
B.7%
7.82
7.29
7.29

7.00

0.00
0.00
0.00
2.21
§.17
4.17
§.17
§.17
4,17
.17
.17
4.84
6.45
6.4
6,43
6.43
.45
6.4
6.45
6.76
8.10
8.10
8.10
8.10
8.10
8.10
8.10
6.91
6.33
6.33

8.00

0.00
0.00
0.00
2.14
§.01
4.01
4.01
h.0t
4.01
4.01
5,01
§.47
b.14
b.14
b.14
b.14
b.14
b.14
b.14
6.20
7.67
7.67
1.47
7.67
7.67
7.67
7.67

6.21°

3.40
5.60

10.00

0.00
0.00
0.00
2.02
3.82
3.e2
3.82
3.82
3.82
3.82
3.82
3.9
5.78
3.78
5.718
.78
3.78
3.78
3.78
3.40
7.18
7.18
7.18
7.18
7.18
7.18
7.18
J.22
4,55
4.55



